The OS was more efficient than the TOP strategy for the detection of early glaucomatous defects, whereas the TOP strategy required less testing time. The TOP strategy may be an appropriate approach for patients in whom time-consuming perimetry is not possible, or in whom the visual field defect is already advanced.
At present, perimetry mainly using a static automatic perimeter is an indispensable examination in daily ophthalmological HIDETAKA MAEDA, MAKOTO NAKAURA, AKIRA NEGI practice. 1 -3 Measurement of the threshold by the 4-to-2 dB up-down strategy, 4 , 5 which is a standard method used in automated perimetry, allows accurate measurement of differential light sensitivity but imposes a significant test time burden. 6 Therefore, more time-efficient methods of measuring threshold are required. In recent years, some new algorithms have been proposed for the examination of the threshold, markedly shortening measurement time. The dynamic strategy (Dsf· 8 is a program developed by Weber and Klimaschka, 9 who noted the flatter slope of the frequency of the seeing curve in areas of low visual sensitivity and attempted to shorten the measurement time by changing the step size used for the measurement of the threshold in defect depth ranges of 2-10 dB. The tendency oriented program (TOP) strategy lO was developed by de la Rosa et al., 11 who noted the similarity of the threshold between spatially oriented neighbouring measurement points and evaluated the threshold tendency based on the response at each point to a single stimulus presentation. We performed perimetry by the DS and TOP strategy using an Octopus perimeter in patients with glaucoma, and compared the results with those obtained by the conventional full-threshold method.
Subjects and methods
The subjects consisted of 41 eyes of 41 normal adult volunteers and 36 eyes of 36 patients with glaucoma under follow-up at our department, from whom informed consent for this study was obtained. The normal control group had no ophthalmological abnormalities except slight ametropia. The glaucoma group had visual field defects corresponding to glaucomatous change at the optic disc, and their intraocular pressures were controlled below 25 mmHg with topical medication only. No subject was on miotic agents which could influence the pupil size. Their visual field defects were classified by the Table 1 . In all subjects, the refractive error was between -5 D and +3 D, and the corrected visual acuity was at least 20/20. To exclude the effects of opacity of the optic media or age-related changes on the visual field, the age of the subjects was limited to between 30 and 65 years, and patients with cataract were excluded. Patients with optic disc hypoplasia or tilted disc were also excluded. The clinical backgrounds of the normal control group and the glaucoma group are shown in Table 2 . No significant difference was observed in any parameter except the intraocular pressure between the two groups (unpaired t-test). The Octopus 1-2-3 perimeter was used for perimetric testing. Initially, perimetry was performed with the normal Octopus program 32 using the 4-to-2 dB up down strategy (NS) by the conventional full-threshold method. Within 2 weeks after this measurement, the Octopus program 32 test was performed again by the same examiner in each subject using the DS and TOP strategy. The measurement conditions1 2 -1 4 were as follows: target size III, 4 (mm 2 ); background luminance, 31.6 (asb); target presentation time, 100 (ms); and maximum target luminance, 4000 (asb). The measurement order of the two strategies was random. Those patients who had had at least one Octopus 32 test within approximately 1 year and who had previous experience1 4 of automated threshold perimetry were recruited. Thus, all subjects were familiar with automated threshold perimetry testing. For each strategy, the results obtained in the examination showing high reliability (false-positive responses, false-negative responses and poor fixation: � 15%) were adopted.
The measurement time, number of stimulus presentations, and mean sensitivity (MS) and the loss variance (LV) as global indices, were compared among the NS, DS and TOP strategy in both the glaucoma and normal control groups. The sensitivity and specificity of the DS and TOP strategy were also evaluated. Sensitivity and specificity results were analysed according to standard methods. The sensitivity of the DS and TOP strategy with Octopus automated perimetry was defined as the number of abnormal visual fields divided by the number of 'gold standard' NS abnormal visual fields expressed as a percentage. The specificity was determined by dividing the number of perimetry fields with the DS and TOP strategy by the number of the results of visual fields with NS expressed as a percentage. The confidence interval and the probability level in each statistical analysis were set at 95% and 5% for statistical significance.
Results
Comparison of the measurement time and the frequency of target presentation Fig. 1 shows the measurement time using the NS, DS or TOP strategy. The mean measurement time using the NS method was 13 min 32 s (812 s) in the control group and 15 min 17 s (917 s) in the glaucoma group. The measurement time using the DS was 52.6% of that using the NS in the control group and 52.3% in the glaucoma group. Similarly, the mean number of stimulus presentations per test session using the NS was 351 in the control group and 372 in the glaucoma group. The group mean number of stimulus presentations for normal subjects using the DS and TOP strategy were 44% and 23% respectively of the group mean for the NS. Using the TOP strategy, the frequency of stimulation was consistent at 76 times in every subject for both control and glaucoma groups. The measurement times in glaucoma patients for DS and TOP, as compared with NS, are shown in Table 3 . Using the DS, measurement time was proportionately shorter in patients with more advanced visual field impairment. The TOP strategy always presented 76 stimuli, and the measurement time was also nearly (sec.) Gla. Con.
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Gla. Fig. 1 . Measurement time using the NS (normal strategy), OS (dynamic strategy) or TOP (tendency oriented programme) strategy.
Con., normal control eyes; Cia., glaucoma eyes. p values are from an unpaired t-test. consistent irrespective of the subjects; therefore, the percentage time reduction was more marked in patients with more advanced visual field loss.
Comparison of global indices
Mean sensitivity (MS)
The distribution of MS values in the control group is shown in Fig. 2 . The MS value did not significantly differ among the NS, DS and TOP strategy in this group (p = 0.263, one-way repeated measures ANOV A). Similarly, as shown in Fig. 2 , no significant differences were observed in the MS value among three strategies in the glaucoma group (p = 0.322).
Loss variance (LV)
The LV value did not differ significantly among the NS, DS and TOP strategies in the normal control group, as shown in Fig. 3 . However, in the glaucoma group, significant differences were observed between NS and DS (unpaired t-test, p < 0.01) and between NS and TOP (p < 0.001). In particular, the LV value was lower using the TOP strategy than using the other two strategies.
Sensitivity and specificity
The sensitivity and specificity of the DS and TOP strategy are shown in Table 4 . Sensitivity tests showed that the DS detected 32 abnormal glaucomatous visual fields out of a total of 36 abnormal fields (88.9%). The specificity of DS was 97.6% (40/41). Similarly, the sensitivity of the TOP strategy was 80.6%, and its specificity was 90.2%.
Discussion
Recent interest in static automatic perimetry for the diagnosis1 and follow_Up1 5 ,1 6 of glaucoma covers two aspects. One is early detection of glaucoma based on new aspects of visual function that completely differ from conventional perimetry. In this regard, blue on yellow perimetry,1 7 high-pass resolution perimetry1 8 and frequency doubling perimetry1 9 have been developed. The other is shortening the measurement time by improving the strategy while maintaining the advantages of the full-threshold method, 5 an established method that has been frequently used. The latter strategy includes measurement methods using a glaucoma model represented by the Swedish interactive threshold algorithm (SITA) 2 0 and the DS and TOP strategy used in this study. Many studies 2 o-23 have been conducted on the SITA at various institutions. On the other hand, there have been only a few studies on the DS and TOP strategy in glaucoma patients. Therefore, we performed perimetry using the DS and TOP strategy in glaucoma patients and compared the results with those using the NS. The measurement time using the DS was about 50% of that using the NS, and the time using the TOP strategy was slightly less than 20% of the NS. In patients with advanced visual field impairment, the percentage tiime saved was increased in the DS relative to the saving realised in patients having less severe loss. Previous studies lO have also shown time reductions of 43-46% using the DS and 79% using the TOP strategy. Our results were similar to these rates. Concerning the global indices, the MS value did not differ among the three strategies in the control group or the glaucoma group. However, the LV value was lower using the TOP strategy than using the other two strategies. This suggests that the TOP strategy underestimates local visual field defects compared with the other two strategies. Lachkar et al. IO found no significant differences in the mean defect (MD), MS or short-term fluctuations (SF) as global indices between the TOP and NS strategies but observed a significantly lower LV for the TOP strategy than for the NS (p < 0.001) in glaucomatous eyes. Successful detection of local relative scotoma observed in the early stage of glaucoma might be affected by the sensitivity of neighbouring points due to the principles of the TOP strategy, and determination of the threshold may yield LV values lower than the actual value, resulting in underestimation of the range of the visual field defect.
The sensitivity and specificity of the DS were 88.9% and 97.6% (Table 4) , respectively, which were comparable with those of the NS. Using the DS, measurement could be performed in a short time, especially in patients with advanced visual field loss. Therefore, the DS is appropriate for observation of the course in advanced cases. On the other hand, the sensitivity and specificity of the TOP strategy were 80.6% and 90.2%, respectively, which were lower than those of the NS or DS. This strategy is likely to miss solitary relative scotoma as observed in the early stage of glaucoma, and measures such as addition of measurement points or use of programs exclusively for glaucoma such as G1X 2 4 for the grid are necessary. The low specificity of the TOP 9 strategy may be because measurement at each of the 76 points was done only once, and incorrect responses of the subject may have affected adjacent points, and normal responses may have been misjudged as abnormal in some patients.
The detection rate of early stage glaucomatous visual field defects was lower for the DS and TOP strategy than for the NS. The TOP strategy allowed screening in a short time but the sensitivity and specificity were low, and caution is necessary in interpreting the results. Therefore, the TOP strategy may be appropriate for detection of patients in whom time-consuming perimetry is difficult, or the visual field defect is already advanced. Unlike strict threshold measurement methods, the TOP strategy ll uses estimation of the threshold from visual sensitivity at neighbouring points. Therefore, whether fluctuations in the threshold 26 are caused by decreased sensitivity due to the disease itself 25 or scattering due to estimated values 2 7 is difficult to determine when long term observation of the course is necessary in diseases such as glaucoma. The long-term fluctuations of these strategies should be also evaluated. One study lO on the DS showed no significant test-to-test differences, but there have been no studies on the TOP strategy. Though the SF value was not evaluated in this study, Zulauf et az. 7 observed a 23% increase in SF in the same subjects using the DS. It is possible that these strategies cause marked test-to-test fluctuations, which necessitates further studies.
Moreover, the DS and TOP strategy unlike the SITA, are also applicable to diseases other than glaucoma. In patients with advanced visual field defect in whom perimetry requires much time using the conventional NS, DS and TOP strategies may be useful. Finally, we would like to emphasise that the DS uses the full threshold method at sites of almost normal sensitivity, which also allows precise measurement of retinal sensitivity. Further studies and improvement of this strategy are needed.
